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A complete package of technology and equipment was developed, evaluated, and pilot tested for 
sustainable small-scale production of filtered coconut oil to support the promotion of the plant oil 
stove — an environment-friendly stove that uses all types of plant oil as fuel. The sustainability of 
the technology is ensured by the establishment of a plant oil production area and oil analysis 
laboratory at the Plant Oil Technology Center, based at the Department of Agricultural Engineering 
of the Visayas State University, the Philippines. The plant oil production area is equipped with a 
high capacity weighing scale, one hammer mill, three oil expellers, one settling tank, one filtering 
tank, and two storage tanks that can process about 400−500 kg of copra daily. Except for the 
weighing scale and oil expellers, all the equipment were designed and fabricated by the project. 
Technology for the small-scale production of coconut virgin oil, naturally fermented vinegar from 
coconut water, and laundry soap from filtered coconut oil were also developed to increase the 
income potential of coconut farmers. As a showcase of the technology, a village level oil processing 
centre was established in Barangay Ciabu in Baybay, Leyte, Philippines, in cooperation with the 
Local Government of Baybay and the Ciabu Primary Purpose Cooperative, a coconut-based 
cooperative with about 1500 members. The processing centre is provided with processing building, 
smoke-free copra dryer, and all the needed oil production equipment found in the Plant Oil 
Technology Center. Using the data available, the economic viability of the technology was 
determined by conducting a financial feasibility study through the use of the Benefit-Cost Analysis 
(BCA) framework that gave a net present value (NPV), internal rate of return (IRR), and benefit-
cost ratio of PhP658,534, 36%, and 1.07, respectively, indicating the economic viability of the 
established coconut oil processing line.  
 
 
INTRODUCTION 
 
A functional and efficient plant oil stove was developed, optimized, and evaluated at the Visayas 
State University using the vaporizer technology originally developed at the University of Hohenheim 
in Germany, through the financial and technical support of BSH Bosch and Siemens Home 
Appliances Group, which acquired the rights for the vaporizer, and with counterpart financial 
support of the German Development and Investment Company. In collaboration with some 
universities in Germany, the performance of the stove was optimized in the laboratory, and field 
tested in 100 selected households and pilot marketed in the island of Leyte, the Philippines. The 
stove is now being promoted in selected developing countries in the world through the initiative 
and financial support of BSH and other partners. Being environment-friendly, the stove is expected 
to revolutionize the stove industry in the Philippines and abroad. 
One of the important components in the promotion of the plant oil stove is the sustainable 
supply of plant oil. In the Philippines, coconut oil, either refined or crude, is produced only by big 
oil mills. The refined coconut oil, which is an efficient fuel source for the plant oil stove, is 
expensive when purchased in the market. The crude coconut oil, on the other hand, though 
relatively inexpensive compared to the refined coconut oil, is not available in the retail market 
because it is normally sold directly by the oil mills to large oleochemical companies in the 
Philippines and abroad. Other sources of plant oil that can be used as fuel for the stove − such as 
the palm oil, soybean, sunflower, rapeseed − are available in the market but at a relatively higher 
price. It is implied that the main constraint in the promotion of the plant oil stove is the 
sustainable supply of plant oil in the rural and semi-urban areas that is competitive in price with 
the existing fossil-based or biomass-based fuel sources.  
This project, therefore, was implemented to develop, evaluate, and pilot test a package of 
technology and equipment for sustainable small-scale production of filtered coconut oil, with a 
daily production of 400−500 kg of copra, the dried coconut meat, appropriate for village level 
operation. The development of various technologies and equipment was technically supported by 
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the establishment of a plant oil processing area and plant oil analysis laboratory within the Plant 
Oil Technology Center based at the Department of Agricultural Engineering of the Visayas State 
University, the Philippines. Based on an intensive literature search of available technologies for the 
production of coconut oil, one Filipino copra expeller and two German oil expellers were purchased 
and evaluated. The other equipment needed in the processing line were designed, fabricated, and 
evaluated by the project. These include one hammer mill, one settling tank, one filtering tank, and 
two storage tanks. To increase the income potential of farmers, the project has also developed 
equipment for the production of coconut-based product such as virgin oil, oil from sepal, vinegar 
from coconut water, and soap from filtered crude coconut oil. 
As showcase of the package of technology, a village-level coconut oil processing centre was 
established in Ciabu, Baybay in the island of Leyte, the Philippines, in cooperation with the Local 
Government and the Ciabu Primary Multi-purpose Cooperative. The processing centre is operated 
and managed by the cooperative with members supplying raw materials needed in the production 
of filtered coconut oil. An economic analysis was conducted to evaluate the economic viability of 
the whole processing coconut oil production line. 
 
THE PLANT OIL STOVE 
 
The plant oil stove is an environment friendly stove that operates using any plant oil as fuel. The 
basic principle of operating the plant oil stove is similar to the familiar camping stoves, except that it 
runs on plant oils instead of kerosene and plant oil esters. The stove consists of a tank, pump, frame, 
valve, fuel line, and a vaporizer, the heart of the stove (Figure 1). 
In operating the stove, the tank is first filled with plant oil to the desired level of about ¾ of the 
tank height. The tank is then closed and filled with air using the foot pump to a pressure of about 3 
bars. The stove is then pre-heated using about 40 ml of denatured alcohol using the pre-heating pan. 
After 6 minutes, the valve is slowly opened allowing the oil to pass through the heated vaporizer. In 
the process, the oil evaporates and is emitted through a nozzle into a combustion area. Here, the jet 
rebounds at a rebounding plate, mixes with the surrounding air, and then burns into a blue flame, 
ready for boiling water or for cooking food. 
Since the pre-heating of the stove using denatured alcohol is quite expensive, other sources of pre-
heating materials were tested. It was then discovered that plant oil in combination with biomass 
materials can be used as substitute for alcohol for pre-heating the stove. A 20 g of plant oil with 
either 5 grams of coconut husks, cotton or tissue paper is sufficient to preheat the stove, thus 
eliminating the cost of denatured alcohol. The power output of the stove ranges from 2.5 to 4.00 kW. 
 
 
Figure 1. The plant oil stove Protos showing its parts
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THE PLANT OIL PROCESSING AREA 
 
In support to the sustainable production of filtered coconut oil, a plant oil production area was 
established as an annex to the old Crop Processing Building of the Department of Agricultural 
Engineering which is part of the Plant Oil Technology Center (POTC) as shown in Figure 2. The area 
is equipped with a comfortable working area, a hammer mill, three oil expellers (namely the 
German Montfort and Straehle expellers from Germany and the Simplextractor, a Filipino expeller), 
a settling tank, a filtering tank, two oil storage tanks, and a small open office. Computer set, data 
logger with accessories and program, thermocouples, current metre, and other tools and 
accessories are provided to enhance the conduct of laboratory experiments and the production of 
plant oil. A display area of the range of oil products, a lavatory and a small open office are also 
incorporated in the area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2.The plant oil processing area at LSU 
 
The plant oil processing area provides the basic equipment for processing filtered coconut oil 
that simulates the actual capacity of a small-scale oil processing centre in cooperatives. It also 
provides the instrumentation for the evaluation of the technical performance of the collection of 
equipment involved in the oil production line. In addition to the processing of filtered coconut oil, 
production of crude oil from various oil producing plants are done.  
 
THE PLANT OIL ANALYSIS LABORATORY 
 
The plant oil analysis laboratory (Figure 3) is established to take charge in the evaluation and 
analysis of the properties of raw materials for oil processing (copra and oil seeds), types of plant 
oils (refined, crude and used oil), and by-products of oil processing (pressed cake) that are 
produced in the oil production area and in the cooperative. It is equipped with basic equipment and 
facilities that include laboratory oven, Karl Fisher moisture analyzer, furnace, incubator, analytical 
balance, weighing scales, glassware, chemicals and computer set. The most common properties of 
oil being analyzed are acid value, flash point, contaminants/sedimentation, carbon residue and ash 
content following the procedure of AOAC (1980), DGF-CIV 8 (02), DIN 51 793, DIN 51 551 and DIN 51 
903, respectively. Proximate composition of copra, sapal (virgin oil processing residue), and pressed 
cake (by-product after oil expelling) that includes the crude fat, total protein, crude fiber, and ash 
are also analyzed following standard procedure as outlined in AOAC (1980) and by Cagampang and 
Rodriquez (1980). 
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 Figure 3. The plant oil analysis laboratory 
 
 
PRODUCTION OF FILTERED COCONUT OIL 
 
The small-scale production of filtered oil from coconut requires at least the following set of 
equipment: pre-drying gadgets such as dehusker and machete for splitting, a dryer, weighing scale, 
a hammer mill, an oil expeller, a settling tank, a filtering tank and a tow storage tank. Among the 
equipment needed, the oil expeller is the most critical specifically for its oil extraction efficiency. 
Based on these requirements, an intensive literature search of available equipment was conducted. 
Consequently, three oil expellers were purchased and evaluated by the project namely the the 
Simplextractor, the Montfort DD 85 and the Straehle SK 60/2 expeller. The steps in producing oil 
from coconuts that include the various processing steps, the main products, the by-products, and 
the required equipment for each processing step are illustrated in Figure 4.  
The pre-drying process of dehusking is done manually using a pointed metal anchored vertically 
from the ground; a skilled worker can process 1000 nuts per day. The by-product of this process is 
the coconut husk that be processed into coconut coir and dust. Splitting of nuts is done manually 
using a machete, and a skilled worker can finish 3000 dehusked nuts daily. The main by-product of 
this process is the coconut water that can be processed into vinegar. Drying of nuts is normally 
done either directly under the sun or using a smoke dryer called a tapahan which normally takes six 
days and 1.5 days, respectively, to reach a safe moisture content of 10%, w.b. At the POTC, drying 
is done using a solar tunnel dryer that takes about three days to produce a high quality white copra 
with moisture content of about 10%, w.b. Figure 5 shows the solar tunnel dryer at the POTC used 
for drying copra.  
The size reduction process of copra prior to oil extraction is normally done using a hammer. At the 
POTC, two different types of equipment were evaluated, namely a hammer mill designed and 
fabricated by the project and a Viking GE 210 cutter made in Germany. The hammer mill is powered 
by a 3-hp 3-phase electric motor while the Viking cutter is powered by a 1.5 hp single phase electric 
motor. Figure 6 shows the two size reduction pieces of equipment. 
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By-products Process Flow and 
Main Products 
 
Equipment 
Required 
 
 
 
Coco shell > charcoal 
Copra meal > Feeds 
Coco husk > Fiber 
Splitting 
Filtered oil 
Dehusking 
Drying 
Size reduction 
Oil extraction 
Settling of oil 
Copra 
Scooping Metal scooper 
Solar or Mechanical 
Machete 
Dehusker 
Filtering of oil 
Coconuts 
Coco water > Vinegar 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hammer mill  
 
 
Extraction of the oil  
 
 
Settling tank  
 
 
Filtering tanks  
 
 
Storage tanks  
 
 
Figure 4. The process flowchart of producing filtered crude oil showing the main products, by-
products, and the equipment requirement for each step 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 5. The solar tunnel dryer used for dying white copra
 
 
 
 
 171
Small-scale Production of Filtered Coconut Oil for Plant Oil Stoves     
 
The Viking GE 210 cutter The Hammer mill 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The hammer mill and the Viking GE 210 cutter evaluated for the size reduction of copra  
Results of the evaluation indicated in terms of capacity, the Viking cutter has an average capacity 
of 500 kg of copra per hour compared to the hammer mill capacity of only 150 kg copra per hour. 
However, in terms of the uniformity of size of the milled copra, the hammer mill gave more 
uniform sizes compared to the Viking GE 210 cutter. Figure 7 shows a sample of milled copra from 
the hammer mill.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) (b) (c)  
 Figure 7. Appearance of milled copra using the different hammer mill sieves: (a) Sieve with  
4 mm holes, (b) Sieve with 8 mm holes, and (c) Sieve with 12 mm holes  
 
Since the uniformity of the sizes of milled copra has a significant effect on the efficiency of the oil 
extraction process, the hammer mill is recommended for adoption for the production of filtered 
coconut oil. 
 
The oil extraction process was evaluated using three different oil expellers, namely to 
Simplextractor, the Montfort DD 85 and the Straehle SK 60/2. The Simplextractor is a Filipino oil 
expeller specifically designed and fabricated for oil extraction from copra. It is powered by a 3-hp 
3-phase electric motor with a rated capacity of 50 kg/hr. The Montfort DD 85 is a German made 
multi-crop oil expeller powered by a 3 hp 3-phase electric motor with a rated output capacity of 35 
kg/hr. The Straehle SK 60/2 expeller also is a German-made oil expeller powered by a 2-hp 3-hase 
electric motor with a rated capacity of only 15 kg/hr. It is basically designed for oil extraction from 
small-sized oilseeds under laboratory conditions. 
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Table 1 shows the results of the technical performance of the three expellers. The results 
indicated that among the three expellers, at lower moisture content of 3.0%, wet basis (w.b), the 
Simplextractor produced the highest average output capacity and oil recovery of 52.48 kg/hr and 
61.71%, respectively compared to the Montfor DD 85 which produced only 35 kg/hr and 52%, and 
the Straehle SK 60/2 which produced only 7.68 kg/hr but with a higher oil recovery of 56.61%. At 
moisture content of 6.5%, w.b., the average output capacity of the Simplextractor was still higher 
than the two expellers.  
 
Table 1. The average actual output capacity (kg copra/hr) and oil recovery (5) of the three 
expellers evaluated using copra with different moisture content as raw material  
 
Name of  
Expeller 
  Average moisture 
content of copra  
(% w.b.) 
Capacity  
(kg/hr) 
Oil recovery 
 (%) 
6.5 35.00 52.46 Montfort 
DD 85 3.0 16.20 52.00 
6.5 7.68 56.61 Straehle 
SK 60/2 3.0 - - 
Simplextractor 6.5 38.70 55.55 
 3.0 52.48 61.71 
 
Figure 8 shows the different plant oil expellers evaluated by the project. 
 
 
The Montfort Expeller 
The Simplexteractor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Straehle Expeller  
Figure 8. The different plant oil expellers evaluated by the project  
 
 
 
Based on the overall results of the evaluation, the Simplextractor was recommended for adoption 
in the processing of filtered crude coconut oil. 
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The processes of settling, filtering and storage of crude coconut oil after the extraction process 
is done by using tanks designed and fabricated by the project. The crude coconut oil is allowed to 
settle overnight in a settling tank. After settling, the solid residues called foots that accumulate at 
the bottom of the tank are removed. The remaining oil in the tank is then transferred manually or 
using a pump to the filtering tank where the very small residues are removed in the process. 
Filtering is accomplished in a matter of hours for a tank with a capacity of about 500 litres. From 
the filtering tank, the filtered oil is then transferred to the storage tank, ready for use by the plant 
oil stove as fuel or for processing into biodiesel. 
 
Figure 9 shows the different tanks used for the final processing of the filtered coconut oil 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The storage tank 
The filtering tank 
The settling tank 
Figure 9. The types of tanks used in the final processing of the coconut crude oil 
into filtered coconut oil 
THE ESTABLISHMENT OF A SMALL-SCALE COCONUT OIL PROCESSING CENTRE  
 
A cooperative-based small-scale coconut oil processing centre was established in Barangay Ciabu 
in Baybay, Leyte, the Philippines was established to serve as showcase of the coconut oil processing 
technology developed at Visayas State University. The processing centre was established in 
cooperation with the local government of the Municipality of Baybay and the Ciabu Multi-purpose 
Cooperative (CMPC), the beneficiary of the project. The municipal government of Baybay provided 
counterpart funding for the construction materials and the cooperative provided the land needed 
for the construction of the processing centre, lumber, and labour needed for the construction of 
the building. The project provided the technical assistance and the processing equipment needed 
for the production of filtered coconut oil. The CMPC was selected among many coconut-based 
cooperatives in the area. It has about 1500 members and most of them are providing the materials 
for the processing centre. 
 174
Improving the Triple Bottom line Returns from Small-scale Forestry 
 175
The processing centre is provided with the necessary set of processing equipment for the 
production of filtered coconut oil. The set of equipment includes a weighing scale, Simplextractor 
expeller, hammer mill, settling tank, filtering tank, and 2 storage tanks. An indirect copra dryer 
that eliminates the smoke during drying to produce high quality copra was also constructed. 
Training in the operation and maintenance of the various items of processing equipment was 
conducted by the project to the members of the cooperative. Figure 10 shows the different 
processing equipment installed in the processing centre 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Processing area 
Processing building 
Figure 10. The small-scale coconut oil processing centre in Barangay Ciabu, Baybay, Leyte the 
Philippines 
 
Oil Display Area 
  
Figure 11. The equipment setup and workflow of the coconut oil processing centre in Ciabu Multi-Purpose 
Cooperative 
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ECONOMIC ANALYSIS OF SMALL-SCALE COCONUT OIL PROCESSING  
 
The economic viability of the small-scale coconut production of filtered coconut oil was 
determined by conducting a financial feasibility study through use of the Benefit-Cost Analysis 
(BCA) framework (as defined by Gittenger 1984). The three measures of discounting were used in 
the evaluation of the pilot production of the protos, namely net present value (NPV), internal rate 
of return, and benefit-cost ratio (BCR). The discount rate used in the analysis was 7% as suggested 
by counterpart economist of B/S/H. The NPV was calculated using the formula: 
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          where:  Bt  =  benefit at time t 
Ct  =  cost at time t 
R =  discount rate 
t  =  time (years) 
T  =  lifespan (years) of investment. 
Using the NPV, which is the difference between its market value and its cost and measures the 
present value of the line of benefits, the protos production is considered acceptable when its value 
is greater than zero ( NPV > 0).  
 
The internal rate of return (IRR) was computed using the formula: 
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          where:   Bt  =  benefit at time t 
Ct  =  cost at time t 
Λ =  IRR that would make NPV = 0 
t  =  time (years) 
T  =  lifespan (years) of investment 
Using the IRR value, which is the discount rate (λ) that makes the estimated NPV of an 
investment equal to zero, the project is considered viable when the IRR (λ) exceeds the required 
return (r), that is λ > r.  
On the other hand, the benefit-cost ratio (BCR) was calculated using the formula: 
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          where:   Bt  =  benefit at time t 
Ct  =  cost at time t 
r  =  discount rate 
t  =  time (years) 
T  =  lifespan (years) of investment 
As an indicator, the BCR which is the ratio of the total benefits to the total cost of pilot 
production of the stove, indicates that a project is acceptable if its value exceeds 1 (BCR > 1).  
 
In addition, a sensitivity analysis, a test that helps to determine the effects of changes in 
parameter values on the economic viability of a project, was conducted after the benefit-cost 
analysis was established. This was done to anticipate the immediate response of the pilot 
production under favourable or unfavourable economic change. 
Table 2 presents the assumptions used in the calculation and Table 3 shows the investment cost for 
the production of filtered coconut oil.  
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Table 2. Assumptions used in the financial analysis of the village level plant oil processing centres 
 
General parameter data Quantity Unit 
Operators manpower   4 Manpower 
Days per year 250 days/year 
Days per month   21 days/month 
Hours per day    8 hrs/day 
Maintenance cost   2% Percentage on investment 
Labour cost 210 PhP/day 
Production efficiency 90%  
Project life   10 Years 
Discount rate   7% Recommended by BSH 
Profit margin  10%  
Amount loaned   1,000,000 PhP 
Repayment term    3 years 
Interest rate for money loaned   3%  
Coconuts needed for 1 kg copra   4 Pieces 
Oil recovery by pressing 60%  
 
Table 3. Investments and maintenance cost for the crude coconut oil production 
 
Investments Amount Lifespan  
(yrs) 
Depreciation Maintenance cost (2% on 
investment) 
Coconut preparation    1650 10    165    33 
Dryer 182,000 20  9100 3640 
Hammer mill 50,000 10  5000 1000 
Expeller press 214,596 5     42,919 4292 
Settling , filtering and storage 13,201 10   1320   264 
Land and building 474,300 20  23,715  9486 
Total 935,747   82,219                18,715 
Salvage value at end of 10th 
year   113,554  
 
The processing of oil from coconuts also requires manpower and the necessary equipment and 
gadgets. Table 4 provides the basic information needed for processing copra which is obtained from 
the actual experience of farmers in the area. As noted, a worker is capable of dehusking and 
scooping 1000 coconuts per day, and 3000 nuts per day for the splitting process. For the 
requirements of the expeller in the cooperative, a minimum of about 864 nuts are required for the 
expelling process. This is the maximum number of nuts the expeller can accommodate given its 90% 
efficiency. Accordingly, by processing 864 nuts per day, coconut shell and coconut husk becomes 
the by-products.  
 
Table 4. Data used for the preparation and processing of coconuts 
 
Item Unit Quantity 
Dehusking capacity of worker [nuts/d] 1000 
Splitting capacity of worker [nuts/d] 3000 
Scooping capacity of worker [nuts/d] 1000 
Nuts needed per day [nuts/d]   864 
Shell per day [kg/d]   173 
Husk per day [pieces/d]   864 
Weight of shell per nut [g]   200 
Table 5 shows the data on the extraction of oil from coconuts. As indicated, the maximum 
capacity of the expeller is 30 kg/h. The efficiency of the operation is 90%. The oil recovery using 
the expeller press is 60%. With this efficiency of the operation, the used capacity of the press is 27 
kg of milled copra per hour. With this level of oil recovery, only 17.5 litres of oil per hour is 
expected to be accumulated. From the extracted crude oil, 8% is accounted for in the crude oil 
 178
Improving the Triple Bottom line Returns from Small-scale Forestry 
residues. From the 17.5 litres per hour crude oil being extracted, only 16.1 litres of oil per hour is 
recovered after filtering. The copra cake is generated after expelling as by-product in addition to 
the coconut shell and husk which are usually sold to feed millers and utilized as feeds for livestock 
and other farm animals. The coconut shell is a raw material for charcoal and other indigenous 
products. Coconut husk is a good source of fibre and dust that could serve as planting medium or 
for heat insulation.  
 
Table 5. Process performance in pressing the coconut using expeller press 
 
Item Unit Quantity 
Maximum capacity [kg/h]  30 
Efficiency [%]  90 
Used capacity  [kg/h]  27 
Oil recovery %  60 
Output    
Crude oil  [l/h] 17.5 
Copra cake  [kg/h] 10.9 
Crude oil residue %     8 
Output   
Filtered oil  [l/h] 16.1 
Residue [kg/h] 1.3 
 
Assuming that 864 coconuts are needed per day, 128.7 litres per day of filtered crude coconut oil 
could be generated. Copra cake, coconut shell, and husk are generated as by-products from the oil 
production. On the daily basis, 87.2 kg of copra cake, 173 kg of coconut shell, and 864 pieces of 
coconut husk are produced. In this set-up, four workers are needed to optimize the processing 
operation. Table 6 summarizes the daily total output of the processing centre.  
 
Table 6. Total output per day from the processing centre 
 
Product Unit Amount 
Copra  [kg/d]   216 
Crude oil [l/d] 139.8 
Filtered oil  [l/d] 128.7 
Copra cake [kg/d]  87.2 
Coconut shell [kg/d]  173 
Coconut husk [pcs/d]  864 
Workers needed       4 
 
Assuming that 100% of oil production is made, Table 7 shows that the monthly crude oil produced 
is 2980 litres. The total cost per litre of production is PhP34.90 and the income from the by-product 
in every litre of oil produced is PhP7.16. Consequently, the price per litre of crude oil with 10% 
profit margin and with the consideration of the by-product income is PhP30.50. For market 
convention, the selling price of crude coconut oil is set at PhP31.00. 
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Table 7. Price determination of crude coconut oil 
 
Product Unit Amount Costs Unit Amount 
Produced crude oil [l/month] 2,980 Coconut [PhP/l] 26.86 
Income from by-products   Electricity [PhP/l] 1.07 
Copra cake [PhP/l] 4.75 Salary [PhP/l] 5.95 
Husk [PhP/l] 0.40 Maintenance [PhP/l] 0.58 
Shell [PhP/l] 2.01 Marketing costs  [PhP/l] 0.30 
By-product income [PhP/l] 7.16 Transport costs [PhP/l] 0.14 
Price per litre with by-products with margin [PhP/l] 30.50 Total costs [PhP/l] 34.90 
Selling price [PhP/l] 31.00 
 
Table 8 shows the results of the financial analysis of the crude coconut oil processing from its 
establishment until the 10th year of project implementation. In the first three years, negative net 
benefit is obtained since the project is still paying the loaned amount. On the other hand, positive 
net cash flows will be obtained in the fourth year of implementation and onwards. The total 
benefits from the gross sale of crude oil and its by-product is PhP1,364,701 and the total cost varies 
from year to year. The net present value (NPV) of the project is PhP658,535, the internal rate of 
return (IRR) is 36% and the benefit-cost ratio (BCR) of the project is 1.07. The three project 
performance criteria are above the critical levels. This means that accepting and implementing the 
project is beneficial and financially attractive since the management can gain from carrying out the 
crude coconut oil production. 
  
           
Table 8. Financial analysis of crude coconut oil production 
 
Year0 Year1 Year3 Year5 Year6 Year7 Year8 Year9 Year10
           PV 0 2007 2009 2011 2012 2013 2014 2015 2016
Benefits           
Gross sales from 
crude oil   831,420.00 1,108,560.00 1,108,560.00 1,108,560.00 1,108,560.00  1,108,560.00 1,108,560.00 1,108,560.00
Gross sales from by-product          
     a. Copra cake        127,263.25 169,684.34 169,684.34 169,684.34 169,684.34 169,684.34 169,684.34 169,684.34
     b. Husk           10,807.11 14,409.48 14,409.48 14,409.48 14,409.48 14,409.48 14,409.48 14,409.48
     c. Shell           54,035.54 72,047.39 72,047.39 72,047.39 72,047.39 72,047.39 72,047.39 72,047.39
Residual value           - - - - - - - 113,554.00
Amount Loaned           1,000,000.00
Total Benefits 10,323,959.84 1,000,000.00   1,023,525.90 1,364,701.20 1,364,701.20 1,364,701.20 1,364,701.20  1,364,701.20 1,364,701.20 1,478,255.20
Costs           
Investment          935,746.64 153,003.98  
Loan payments          350,137.17 350,137.17
Material 
cost/coconuts        648,000.00 864,000.00 864,000.00 864,000.00 864,000.00 864,000.00 864,000.00 864,000.00
Labor cost   191,202.00 191,202.00 191,202.00 191,202.00     191,202.00 191,202.00 191,202.00 191,202.00
Maintenance cost           18,681.93 18,681.93 18,681.93 18,681.93 18,681.93 18,681.93 18,681.93 18,681.93
Marketing cost   9,648.00 9,648.00 9,648.00      9,648.00 9,648.00 9,648.00 9,648.00 9,648.00
Transportation cost   4,502.40 4,502.40 4,502.40      4,502.40 4,502.40 4,502.40 4,502.40 4,502.40
Electricity cost   34,254.80 34,254.80 34,254.80      34,254.80 34,254.80 34,254.80 34,254.80 34,254.80
Administrative cost   3,000.00 3,000.00 3,000.00      3,000.00 3,000.00 3,000.00 3,000.00 3,000.00
Water and garbage 
cost        1,020.00 1,020.00 1,020.00 1,020.00 1,020.00 1,020.00 1,020.00 1,020.00
           
Total Costs 9,665,425.13 935,746.64 1,260,446.30 1,476,446.30 1,126,309.13 1,279,313.12 1,126,309.13  1,126,309.13 1,126,309.13 1,126,309.13
           
Net Benefit  64,253.36 - 236,920.40 -111,745.10 238,392.07      85,388.08 238,392.07 238,392.07 238,392.07 351,946.07
Net Present Value (NPV) 658,534.71         
Benefit Cost Ratio (BCR) 1.07         
Internal Rate of Return (IRR) 36%         
Small-scale Production of Filtered Coconut Oil for Plant Oil Stoves     
A sensitivity analysis was also conducted to determine how the financial viability of the project is 
affected by changes in the value of important parameters at specified level and the changes made 
to the project set-up. At base case, the project is profitable to implement. However a 10% increase 
in total cost is not beneficial since the NPV is negative, the BCR is less than one and IRR is less than 
the required rate of return. The same situation could be expected if there was a 10% decrease in 
the total gross sales of crude oil and its by-product. However, a 10% increase in total cost and 10% 
increase in total sales are beneficial to the project. In fact, NPV is observed highest at this 
situation. The management should be aware of the potential unprofitability of the project once 
unfavourable change in the total cost and sales are encountered. Changes could be expected 
because price of the materials and other variables changes from time to time. On the other hand, a 
higher discount rate is still acceptable for the project since NPV. IRR and BCR values are above the 
cut-off levels as shown in Table 9. This means that the project is not sensitive to changes in 
interest rates but is sensitive to changes in costs and sales. 
 
Table 9. Sensitivity analysis 
 
 Scenario NPV BCR IRR 
1) Base case  658,534.71 1.07 36% 
2) 10% increase in total costs -214,433.14 0.98 0% 
3) 10% decrease in total benefits -273,861.27 0.97 -3% 
4) 10% increase in total costs in total benefits  717,962.85 1.07 35% 
5) Higher discount rate       
       10%   513,099.76 1.06 36% 
       15%   334,340.78 1.05 37% 
 
 SUMMARY AND CONCLUSION  
 
The project was implemented to establish and develop a complete package of technology for 
sustainable decentralized production of plant oil independent of the big oil mills, in order to supply 
the needs of households that are using the plant oil stoves, and for processing biodiesel and other 
high-value coconut oil-based products. To ensure sustainable production of plant oil, specifically 
coconut oil, a plant oil processing area was established at the Plant Oil Technology Center based at 
the Department of Agricultural Engineering, equipped with complete processing equipment. A 
virgin processing laboratory was also established and supplied with the necessary equipment for 
small-scale production of virgin oil using the fermentation process. In support to the production of 
oil, an analytical oil analysis laboratory was established and equipped with the equipment required 
for the analysis of plant oil. The technical performance of the various items of processing 
equipment was evaluated using a data logger connected to a computer.  
Results from the technical evaluation of the processing equipment indicated that the moisture 
content of copra suited for oil expelling with the use of expeller machines ranged from 6 to 8%. 
Moisture content of copra higher than 8% resulted to low oil recovery during expelling operation, 
while moisture content below 6% resulted to sudden stoppage of the expeller machine during 
operation due to clogging at its nozzle. The simplextractor was found to be highly efficient in terms 
of expelling with an oil recovery of about 60%. When operated using a three-phase motor, the 
hourly capacity is about 50 kg/hr. When operated with single phase motor, the output capacity falls 
to about 3−5 kg/hr, which is the case of the Ciabu Cooperative. 
The hammer mill and Viking cutter are machines used in the size reduction of copra. Of the two 
machines, the hammer has a greater capacity and produce higher quality in terms of uniformity of 
size. When operated constantly and it has a milling capacity of 80 kg/hr and particle size 
distribution ranges from 5 to 10 mm. The Viking cutter operates at constant speed and moderate 
mass flow rate (500−550 kg/hr). However, the particle size distribution of cut copra was 
heterogeneous (5 to 20 mm) and not suitable for the expelling operation. The hammer mill was 
then recommended for the set-up. 
As a showcase of the plant oil processing technology, a village level oil processing centre was 
established at Barangay Ciabu in Baybay, Leyte in cooperation with the Local Government of 
Baybay and the Ciabu Primary Purpose Cooperative, which manages the processing centre. It is 
provided with processing equipment similar to those found at the Plant Oil Technology Center. An 
indirect Guartech copra dryer for the production of high quality copra was also constructed. The 
total production cost of 1 litre crude coconut oil is about PhP34.90 and the income from the by-
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product per litre crude oil produced is estimated to be PhP7.16. With the consideration of the by-
product income and using a 10% profit margin, the price per litre crude oil produced is PhP30.50. 
Thus, the selling price may be estimated as PhP31.00 per litre crude oil. Based on the economic 
analysis of the plant oil processing technology, an NPV value of 658,535, IRR of 36.5%, and BCR of 
1.07 were obtained which indicate economic feasibility of the plant oil processing line.  
 
IMPLICATIONS AND RECOMMENDATION  
 
In this project, a functional set of equipment was established and evaluated for the production 
of plant oil such as coconut oil at the village level. The economic analysis indicates that this system 
is economically viable. It is therefore expected that village level processing oil technology will 
trigger the development of more village level processing centres in the region, thus creating more 
income to coconut farmers while generating more rural employment. 
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